Abstract. Investigation of genetic relationship among populations has been traditionally based on the analysis of allele frequencies at different loci. The prime objective of this research was to measure the genetic polymorphism of five microsatellite markers (McMA2, BM6444, McMA26, HSC, and OarHH35) and study genetic diversity of 14 sheep types in Iran. Genomic DNA was extracted from blood samples of 565 individuals using an optimized salting-out DNA extraction procedure. The polymerase chain reaction (PCR) was successfully performed with the specific primers. Some locus-population combinations were not at Hardy-Weinberg equilibrium (P < 0.05). The microsatellite analysis revealed high allelic and gene diversity in all 14 breeds. Pakistani and Arabi breeds showed the highest mean number of alleles (11.8 and 11 respectively), while the highest value for polymorphic information content was observed for the Arabi breed (0.88). A UPGMA (unweighted pair group method with arithmetic mean) dendrogram based on the Nei's standard genetic distance among studied breeds showed a separate cluster for Arabi and Pakistani breeds and another cluster for other breeds. The Shannon index (H0) for McMA2, BM6444, McMA26, HSC, and OarHH35 was 2.31, 2.17, 2.27, 2.04 and 2.18, respectively, and polymorphic information content (PIC) values were 0.88, 0.92, 0.87, 0.84, and 0.86 for McMA2, BM6444, McMA26, HSC, and OarHH35, respectively. The high degree of variability demonstrated within the studied sheep types implies that these populations are rich reservoirs of genetic diversity that must be preserved.
Introduction
Small ruminants, especially native breed types, play an important role in the livelihoods of a considerable part of human population in the tropics from socioeconomic aspects. Therefore, an integrated attempt in terms of management and genetic improvement to enhance production is of crucial importance (Mohammadabadi and Sattayimokhtari, 2013) . Economical and biological efficiency of sheep production enterprises generally improves by increasing productivity and reproductive performance of ewes (Mohammadabadi and Sattayimokhtari, 2013) . There are more than 50 million sheep in Iran, of 27 breeds and ecotypes (Khodabakhshzadeh et al., 2016) that have not defined well as distinct breeds. However, they are considered as geographically defined populations. The need to maintain and improve local genetic resources has been recognized as a priority at the world level. Biodiversity studies depicting a deep picture of the genetic variability of the available sheep breeds provide favorable opportunities for both genetic conservation programs and enhancing production efficiency by means of controlled and well-designed crossbreeding systems exploiting breed diversities, heterosis and breed complementarity (Esmailizadeh et al., 2012) .
Genetic diversity in indigenous breeds is a major concern considering the necessity of preserving what may be a precious and irreplaceable richness with regard to new productive demands (Khodabakhshzadeh et al., 2016) . Conservation should be based on a deep knowledge of the genetic resources of the specific breed (Zamani et al., 2015) . Therefore, it is important to try to characterize genetically indigenous breeds. Genes affecting polygenic traits and characterizing milk or meat productions are difficult to identify (Soufy et al., 2009; Shojaei et al., 2011) . The maintenance of genetic diversity in livestock species requires the adequate implementation of conservation priorities and sustainable management programs, which should be based on comprehensive information regarding the structure of the populations, includ-ing sources of genetic variability among and within breeds. Genetic diversity is an essential component for population survival, evolution, genetic improvement and adaptation to changing environmental conditions (Kumar et al., 2006) . Molecular methods based on molecular markers, such as random amplification of polymorphic DNA (RAPD), restriction fragment length polymorphism (RFLP) and microsatellites, are useful tools to study the genetic variations. Short tandem repeats known as microsatellites are widely used as molecular markers of choice for genetic studies. Advantages of microsatellites are a high degree of polymorphism due to existence of several alleles at each locus, their large number, distribution throughout the genome, a high level of polymorphism, neutrality with respect to selection, codominant inheritance and easy automation of analytical procedures (Canon et al., 2006; Mohammadifar et al., 2009; Mohammadabadi et al., 2010) . Several studies have investigated the genetic diversity in sheep using microsatellites (Buchanan and Thue, 1998; Esmaeilkhanian and Banabazi, 2006; Bhatia and Arora, 2007; Nanekarani et al., 2010; Sun et al., 2010; Jakaria et al., 2012; Musthafa Muneeb et al., 2012; Hepsibha et al., 2013; Crispim et al., 2014) , but a study of all Iranian sheep together has not been performed until now. Hence, the aim of the present study was to evaluate the genetic diversity within and between 14 sheep types in Iran (Kermani, Pakistani, Lori, Arabi, Dalagh, Baluchi, Iran-Black, Gharegol, Arman, Lori-Bakhtiari, Kermani-Pakistani, KermaniRomanov, Lori-Bakhtiari-Romanov and Lori-BakhtiariPakistani) using five microsatellite markers and to measure the distance among these breeds.
Materials and methods

Animals and sampling
In this study, 565 blood samples were collected from different individuals of 14 sheep types in Iran (Kermani (KER), n = 102 (75 females and 27 males); Pakistani (PAK), n = 25 (20 females and 5 males); Lori (LOR), n = 45 (36 females and 9 males); Arabi (ARB), n = 47 (34 females and 13 males); Dalagh (DAL), n = 44 (32 females and 12 males); Baluchi (BAL), n = 41 (30 females and 11 males); IranBlack (IRB), n = 44 (40 females and 4 males); Gharegol (GHA), n = 43 (33 females and 10 males); Arman (ARM), n = 46 (31 females and 15 males); Lori-Bakhtiari (LRB), n = 25 (19 females and 6 males); Kermani-Pakistani (KER-PAK), n = 7 (4 females and 3 males); Kermani-Romanov (KER-ROM), n = 48 (28 females and 20 males); LoriBakhtiari-Romanov (LRB-ROM), n = 33 (20 females and 13 males); and Lori-Bakhtiari-Pakistani (LRB-PAK), n = 15 (8 females and 7 males)). Five-milliliter blood samples of both sexes were collected via the jugular vein in tubes containing EDTA for prevention of coagulation. Genomic DNA was extracted using a modified salting-out method (Abadi et al., 2009 ). DNA quality definition was determined using both spectrophotometry and agarose gel (0.8 %).
Microsatellite analysis
In this study, five microsatellite markers across the sheep genome were used. Gradient PCR was used to optimize the annealing temperature for each marker. The PCR products were tested in agarose gel (0.8 %) to estimate the best annealing temperature for each primer. The studied microsatellite markers, their primer sequences, detected annealing temperature and their allele size ranges are shown in Table 1 . The selected microsatellites were amplified with PCR using genomic DNA extracted from individual animals (in total 25 mL). This mixture included 2.5 mL of PCR buffer, 1 mL of MgCl 2 , 0.5 mL of dNTP mix, 0.3 mL of Taq DNA polymerase, 16.7 mL of sterile water and 2 mL of template DNA. The reaction conditions were 94 • C for 5 min; 30 cycles of 95 • C for 30 s; annealing temperature, differing for each primer (Table 1 ), for 45 s and 72 • C for 30 s; and final extension at 72 • C for 5 min. A 50 bp DNA ladder was used as a standard size for sizing PCR products. The PCR products were electrophoresed at 200 V for 60 to 90 min on the 8.0 % polyacrylamide gel and visualized by staining with silver nitrate; the genotypes were scored by UVIdoc software after drying and scanning the gels.
Statistical analysis
Genotypes were assigned for each animal based on allele size data. Frequencies and number of alleles for each locus, observed and expected heterozygosity were estimated using FSTAT (version 2.9.3.2) (Goudet, 2002) . The polymorphic information content (PIC) value was calculated according to Buchanan and Thue (1998) . Nei's standard genetic distances (DS) among populations were computed by POPGENE (Yeh et al., 1999) . This software was also used to construct the dendrogram of unweighted pair group with arithmetic mean (UPGMA).
Results
Allelic diversity
The PCR reactions were successfully performed with all primers. All the microsatellite loci were found to be highly polymorphic. In total, 65 alleles were detected; the HSC marker in PAK sheep breed and overall showed the highest number of alleles per locus (14 and 15 alleles respectively) while the OarHH35 marker in KER-PAK Sheep tape showed the lowest number of alleles (5 alleles) (Table 2 ) with a mean of 13 ± 1.22 alleles, whereas the effective number of alleles ranged from 3.26 (McMA2 marker) to 10.3 (McMA26 marker) with a mean of 6.59 ± 0.96 alleles per locus (Table 2). The number of actual and effective alleles of studied sheep types has been shown in Table 2 . Among the sheep, the mean number of alleles ranged from 6 in KER-PAK to 11.8 in PAK sheep.
Polymorphism information content (PIC) and Shannon's information index (I)
PIC and the Shannon information index are another measure of genetic variability indicating the informativeness of the assessed loci. PIC values ranged from 0.84 (HSC marker) to 0.92 (BM6444 marker) with a mean PIC value of 0.87 (Table 3 ), indicating that all loci were highly polymorphic. 
Heterozygosity and interbreed inbreeding estimate
The mean expected heterozygosity over all breeds in the present study was 0.85 (Table 3) , so it does not likely encounter problems that result from inbreeding depression. Mean estimates of expected heterozygosity overall loci and types were 0.86 (Table 4) . ARB had the highest expected heterozygosity for all the loci (H e = 0.88) with an average number of actual allele of Na = 11, while KER-PAK had the lowest expected heterozygosity (H e = 0.75) with an average number of actual allele of Na = 6 (Table 4) .
Hardy-Weinberg equilibrium (HWE)
When the Hardy-Weinberg testing was performed for the loci, deviations from the Hardy-Weinberg equilibrium were found to be significant (p < 0.05) in some loci in several breeds (29 out of the 70 population-locus combinations (41.4 %) were at Hardy-Weinberg equilibrium).
Genetic differentiation
Population differentiation examined by fixation indices such as F IS , F IT and F ST for each of the five analyzed loci across 14 sheep breeds is given in Table 5 . The genetic relationships between the sheep breeds were calculated using Nei's genetic distances (D) (Nei et al., 1983) . The matrix of Nei's standard genetic distances (D) among breeds is presented in Table 6 and the corresponding phylogenetic tree is presented in Fig. 1 . The genetic distances between breeds ranged from 0.04 for Kermani and Kermani-Pakistani to 0.25 for Kermani and Lori-Bakhtiari-Pakistani. The phylogenetic tree ( Fig. 1 ) provides a method of visualizing the genetic relationship be- tween populations, with the values in the nodes of the tree indicating the proportion of 1000 replicates of the 5 microsatellites.
Discussions
Genetic variation is a basic requirement for animal breeding, whereas a high genetic variation is needed for genetic improvement of domestic animals (Askari et al., 2011) . The number of alleles at different marker loci serves as a measure of the genetic variability having direct impact on differentiation of breeds within a species. Since 80 % of the markers exhibited four or more alleles, the microsatellite loci screened in this study were appropriate in expressing the molecular characteristics and/or genetic variation in the population. The effective number of alleles at each locus provides information on predominant alleles. Since allelic diversity in the studied sheep breed populations was high, it can be concluded that, in these animals, genetic diversity is sufficiently high and they have a good gene pool for breeding programs. Because of the limitations in studied population number and microsatellite loci, further research with more population and loci numbers needs to be done to be able correctly evaluate the genetic relationship among the populations. However, a higher number of alleles for each locus showed that all the markers used were appropriate to analyze diversity in studied breeds. The level of variation depicted by number of alleles at each locus was similar to earlier reports on sheep breeds (Arora and Bhatia, 2006; Jakaria et al., 2012; Hepsibha et al., 2013; Crispim et al., 2014) . Among the types, the mean of PIC ranged from 0.72 in LRB-PAK to 0.88 in ARB, and Shannon information index ranged from 1.58 in KER-PAK to 2.27 in ARB. . However, PIC in the range of 0.69 to 0.92 was reported for this locus in some Iranian sheep breeds in a previous study (Esmaeilkhanian and Banabazi, 2006; Banabazi et al., 2007; Nanekarani et al., 2010) . Our estimate of Shannon information index was in agreement with that reported by Nanekarani et al. (2010) on three types of Iranian sheep populations and Musthafa Muneeb et al. (2012) on Najdi sheep populations. This index estimate was higher than that of Mehraban sheep (Zamani et al., 2011) and Indian Bellary sheep (Kumar et al., 2006) .
A high value of average expected heterozygosity within a breed could be attributed to the large number of alleles detected in the tested loci (Kalinwski, 2002) . The high heterozygosity is attributed to the wider distribution of population and to presumably the larger flock size. It also proves that no controlled breeding is followed as males and females are allowed to graze as a large flock. Heterozygosity values were in concordance with those of Najdi sheep populations (Musthafa Muneeb et al., 2012) , Indian sheep breeds (Bhatia and Arora, 2007) and five Iranian indigenous sheep populations (Esmaeilkhanian and Banabazi, 2006) . The expected heterozygosity in this study was higher than that of some of loci (OarHH35) used in Hu sheep in China (Sun et al., 2010) . Thus, differences of heterozygosity values obtained could be due to type of markers used, the sequence of simple sequence repeat (SSR) markers, and sampling and sample size.
In total, 58.6 % of the loci in some breeds deviated from HWE (p < 0.05). This can be attributed to the excess of heterozygote individuals than homozygote individuals, migration, high mutation rate in microsatellite, artificial selection in all breeds and population subdivision owing to genetic drift (Aminafshar et al., 2008) . Deviation from HWE at microsatellite loci has also been reported in various studies (Esmaeilkhanian and Banabazi, 2006; Banabazi et al., 2007; Nanekarani et al., 2010; Jakaria et al., 2012; Hepsibha et al., 2013; Crispim et al., 2014) . It is known that a population is considered to be in HWE only when it is able to maintain its relative allelic frequencies. This deviation from HWE can be probably due to level of crossbreeding in some populations. However, crossbreeding of local and exotic improved breeds can show a faster impact on performance than long selection schemes for the improvement of local breeds; therefore, it is more beneficial in the short term. However, as another consequence, it is one of the major threats to the existence of local genetic diversity, inducing displacement or genetic erosion. Indiscriminate crossbreeding or extensive use of exotic germplasms can lead to genetic erosion by dilution or eradication of the local genetic pool; hence, it is better to use controlled crossbreeding.
The within-breed inbreeding estimate (F IS ) in the investigated population was found to be low and similar to a value of 0.0024 ± 0.07 reported by Pariset et al. (2003) . This indicates that the population has not suffered any inbreeding but rather has a heterozygosity excess. Further, a high level of expected heterozygosity in this study correlates with the low F IS value, suggesting low selection pressure, no inbreeding and relatively more alleles.
There are three separate clusters on the dendrogram. One includes 12 breeds and another consists of Arabi and then Pakistani in a separate branch. Since D A has been found to be more useful for obtaining of correct topology (Takezaki and Nei, 1996) , we presented only the results of D A . The lowest D A was between Kermani and Kermani-Pakistani and between Baluchi and Arman (Table 6 ). These distances are rational due to co-descendance of two breeds of sheep and neighboring geographic distributions. Their phenotypic similarities also agree with these distances. A possible crossmigration between Gharegol and Dalagh may occur due to the short geographic distance between the areas in which these two breeds are distributed resulted in small genetic distance between two breeds. The obtained tree revealed that the most closely related breeds were the two synthetic lines (Lori-Bakhtiari-Romanov and Lori-BakhtiariPakistani). Although one local breed (Lori-Bakhtiari) participated in the creation of two analyzed breeds, clear differences can be noticed. Also, the UPGMA tree showed that the Arabi forms the most distinct breed. The rugged topography and the Zagros Mountains (see Fig. 2 ) limit the movement of sheep and impose reproductive isolation between Arabi and other population distribution areas. Therefore, Arabi is in a separate branch.
Conclusions
The breeds included in this study are of great importance to the sheep holders in Iran. This study presents an investigation of variability at the DNA level within and between some Iranian sheep breeds. The results indicated that all studied breeds exhibited considerable genetic variation, based on their high mean number of alleles and gene diversity. According to the selective standard of microsatellite loci, microsatellite loci ought to have at least four alleles per locus to be considered useful for the evaluation of genetic diversity. Based on this criterion, the five microsatellite loci used in the present study can be considered useful for the evaluation of genetic diversity within and among populations and for the selection of breeding animals from divergent groups maximizing genetic variation and consequently fitness. A future direction to our study can be studying all of the Iranian indigenous sheep breeds to better evaluate the level of inbreeding and establish appropriate conservation strategies with the aim to avoid losses of genetic diversity.
